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ABSTRACT: 

PURPOSETo realize the speaker equipment and the directivity control method able to control 
variably and optionally not only the directivity in 2-dimension direction but also the directivity in 
3-dimension through electric signal processing. 

CONSTITUTION:The equipment is provided with a common input terminal IN receiving a voice 
signal to be sounded, plural speaker units SP1-SPm arranged in a line, and plural digital filters 
DF 1-DFm whose filter coefficient calculated by the nonlinear optimizing method in response to 
the object directivity pattern of the sound radiation by the plural speaker units SP1-SPm are set 
corresponding to the speaker units SP1-SPm while being inserted and connected between the 
common input terminal IN and the speaker units SP1 SPm. 
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[0 0 5 2] fVv^^-f/^DF] ~DF ro 

t LT<1> ~<11>c07^=i*JJ X-McfifoT. MitC7^ 
~DF ra Jiia^i-iwtJi, II, lf?2co&5di£#J>:p] 

[0 0 5 3] 

IHJiJ $ ftfc 3-7. f - # « y V KgaK Ztitzfj v * 

[00 5 4] %2(D%W\z£tlti, 

[0 0 5 5] #3co*W£.fc*itf. ^=A^tt«¥i^ 

[0 0 5 6] M 4 0O : 3PJ IC <t tl tf » 8S<& 7 f - .A 3- ~ 

[maaofS!*^^] 

[01 ] *-5g 98 \z%Z>7- 1'- 77 ^^co^iiS^ $r ^i-T* a 
[02 ] *&W<»% 1 3ltttWtfik5BISK?iJS!^ t'-# 
[03] #36 BE tff 5JBl*lttMWT/i' * 9 XJ* k 7 



(7) 

[0 5] *«W^ft5F !R7-f/^ (m= 1 ) 
[06] *^M»C^5F I R7^/^ (m=2) *>J:tf 
(0 7] *^l:ff5FIR7^/^ (m=3) fcj;^ 
[0 8] #JB9UC#.5F I R7-f^^ (m=4) *5«fcl/ 

7to^7-f/^ cojsi«iic^^*r^i-#t±0 -e fc 3 . 

[0 9] F I R7^^ (m=5) fcitf 

l0 7tn^7^;^ (Dmfc&fcgZ^-f-ft&^XhZ, 

[010] ^WC^SF I R7-(/^ (m=6) ti£ 
XlTi-o f 7 4 ;isy-(DfflmXfc%Z*-t&&®XhZ><, 

[01 ]]*iSl:«5FIR7-fy^ (m=7)3oJ: 
O?T7-n^7^/w^(D)l&TO^iSr*-fi|#tt0t s *)?)o 

[012] *«^5FIR7^/^ (m=8)fc«t 

ut7to j/7 4 i\>v<Dm&&&%*^ir%f'tmx*hz>» 

[013] *^PJlC#.5F I R7-f^# (m= 9) fcJ: 
t/7fo >7*7^ <Dm&lkfc%i:^ir¥f>&®X'hZ), 
im 1 4 ] Ml mfoffl<0* t°-Jl$iWi<r> 2 0 [Hz] \Z 
20 fcltS 2*5cmfS]+t><^->Sr^-f4^0'Cfc3 < , 

[01 5 ] % 1 ^teff'JcO^ f-^gM<0 10 0 [Hz] 

ic *j »t s 2 ^Tcjgisjtt^ * - >*7*-t® i m xhz* 
[0i 6] in mmfi<D* k°-*mw.<n<i oo [h z ] 

2 ^7cJtl*ltt^'^->Sr^i-#ti0T-fc3, 
[0 1 7 ] 1 HJS^WT. f-^dW 1 2 0 0 [H 

IHi 81 JBi*ttW<o^e-*iRa<oi 4 0 0 [H 
z] lcfct7 5 2fc5c»l«!l4'*?-^&*1"4*ttiat?*> 

[019] «f] Htef?JcD.xt'-^^ScogtS3-*7cJg(6) 
tt'< ^ - > 4: ^-T^ti 0 T'te 5. 

[020] m\ mm<Dx?-$$im.<D2 o [h z ] jc 
[02 1 ] mi mm<Dxt--$mw<oi oo [h z ] 

\z Js it 4 3 ft 5E*S |6H4^' ^ - > 3r*-9-#tt0 T'fc 4 , 
[0 2 2] ^1 %H&M<0*V-1imW<r>4 0 0 [Hz] 

icio 1 1 ^ 3 ft tcJI isitt^ 9—> i'^-fimm x-hZo 
[02 3] b i m&m<D7- t'-^mm<o 1200 [h 

[024] mi IW-l<0;* f- 77^^(0 1 4 0 0 [H 
z] 3ft7cfg(SH4^*^->Sr^-rt*+t0-Cfc 

4, 

[02 5] *%PJ!<0|i? 2 HJ£(f'J{^5. 2 ft7cffi5')S!7, f 
- 73 g R(0n« 4r TFtWSm X'fo%c 
[02 6] B2Hil(7']c0^f-77^Scoitl3ft5£ll(S) 

- > 4r ^-t4#i10 T*>5, 
[02 7] S2^JfflW(07t , '-73^fl(0 2 0 [Hz] U 
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z ] legits 3 •fcKiBfote^f-yzz-i-ft&mx'h 

[03 2] *%P^<0^3^JECT»C^?)^t'-^ggcO- 
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S P, SP) ~S P ra •••^f-*3.= S / h 
3 -A**-*- K 
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(23) 



[ffitBB] ¥$4^5.8 260 

i®iE#%m8&) m 2 5 

[02 5] 




[*«*tIE2] 

vmm\ m&m 

[ ll^iB 1 ) t «^fS £ft * £ 

B»tf KKWSftfc1Hk«>* t-^x yhi. 
iufE#iIA2>iS* t flutes* f-^a-n j/ h i ©Hfctip 
Ag| $ ft, ffflKUltt«D* 

9 & ttj $ ft fc 7 ^ 9 im v. ®m $ ft 5 &7 f - * 

*- fiiS * fc ~ y *-«* i» i + & 7 f - A 



ASSSSft, ®mm<»*t'-*^~y htJ:5*«tt 
SftO B $fg|6)tt'< * - C T#iE$ftiHt^&K: «t 

9 jSf tti $ ftfc 7 4 /i^&i:** . ft 5 f - * a. 

[W*«3] *«»W^#*3»(S##**&$ft5* 
yx=*A*ttspffiES$ftfc«a©^f-*3.= y h 

A8$c $ ft, misBtS^co ^tr-*3.= yKfcj:5 *«# 

5 5S Hi $ ft fc 7 ^ iv 9 Wk 3» 5 . WiWL £ ft 5 # 7 f - * ^ 
- -y I- (C*tJE£; LTStJt^ ft 5$$Ct0x 4 S?* ^ 
i, 

J: e-agflt 
[M*«4 ] S«MEHt> L< li¥ 

ffiK*«£ftfc«8©7fc , -;ba = -7 h towo-tftlfft 

* * Atfctt $ ftT ft 5 7 t'- * SllO*&|6H4«iJffl 

mifEB few ^. f - * 3- = y V frb <0 %Wikto <D B ^§ l6l 
- > ICJj; i; fc.fi&fE&7* ^ f J9^74^9<D74^ 

9®%.z2m&%mitz&\z£*j®ni-$imi:. 

mm ffl * ft fc # 7 -f * Sr ^-ft-t'ft^-f 5 r -f 

[0 0 0 ]] 
[0 0 0 2] 

liiw-riitt* . «o 7 f - * — f7*5GBK i o T * ft 
bft4^->^*4*. W^-tf. r 4*R<0%& 
liKi^6lSjf4*#»e>ft5»d* s ^ % L. fe^fflcoii^ 

•5 J: ) t -t i> Z t /JS*ft 6ft 5, 



« WH*:>-4I»»/ 



(24) 



=> - >Jg* f- * toifr&olf SM£«0 = ->coj££^7)s& 

ttK-&-frfc* f-*Srf^|!li-5K:tt#IBJ*si»*>5 . 9m 
T4 i>t^7 4 s\'t$:m*Xff;fa J t±;<-!i'->i:mn.tf)\Z 

njipi- s <t 5 \z l fc * t 1> t a # $ ^ 5 

(#Bfl¥ 2-239798 #4i$R#!#.) . 
[0 00 4) 

[0 0 0 5] Lfci^t, #$8!7lc9g#)|±> 2ft5c*r£] 
[0 0 0 6] 

*>.4g* £ BuiSfc * f - # a = y h t co fig (wfli $ 

*t£ L TK £ $ tl S mt<Or 4 "J ? * 7 4 Ks* t , Srfili 
[0007] *fi5|$ 2 ftlti-^t t^lf 

%mu^^^mxii'^b, mm-? h y 

ffiKtt 3iifc«S<0* e-*a= 9 hi, fiiiI2&iIA7J 
SSS* £ WES- ^ f - # a= y h t ©|B fcffiA«SS $ it. 
BUfSBfCW* t'-fl y h \z X 5 * S»at © g gjgfl 

[0 0 0 8] XM%3(D%WtX *m»kti-^tPfB 
$ixfc«k«D*t-*»=y hi, B5E*aA^Jg^i 

bUse-'& * t - * » = v v k (om \zwAmm s *u diten 

- > \zfc U T^SUMfcSHt^ffi K <£ 9 I? tB £ixfc 7 w /u 



[0 00 9] 4 <0%mt. *iilf ^-A^a^t a 
T , jjsffi ASttS i^T t£ 5 x t - ^7 

[001 o] 

7^/v^^§c^IS:^^ti-Ct^. rco7^/w^^$S:ii. 

$4x^ c ~(OJ:5lc:> V*>\>7 iii'tteW&Un 
btlXtsQ, &7 : 4iS9*7 4»*\Zltnmftfi&'<9 

- > ic^-rs iawco 7 -f vmkimit ^htv^t 

L -fc 7)5 0 -c , z<D7 4/\<*&m*E mi*ft&'<fi- > \z 
itttX&M\z%%1-2> Zk\zX*), m-x f-*«36 

[0 0] J] m 2 COlgB^IC Xtlti . ^t-*^x=^h 

«IS*^ if-A3SB(c»^ tr-*3.=. y hco¥aui£EK 
io"C***»mtt** , bfc*ih.'5. *roli|6ittf±iI»K 

ffi]) co^-T-li^<[lHcOK3''iJ*[S) (+4t>*>. HE*|6l) 
lzk±c%o Lfc/poT, 7 4>\stWfrnmM%M\t 

#ftcoJgfifM-;«LTi$gu i»3*iifc€-7^/p^ 
mXZ&T l 's$>V7 4 i^t - i K «t 9 . R 

-««<o* * T"g^6 ; Jlo)<¥;>7 ft*. <t i;fiia*iSi<oJSi6i 

[ooi 2] 3i3W«0ilcJ:ixtf, ?f-^z.^ 
^¥^i^^<tU ; SiS^fS)«omfS]ttcOifiiJ^7'/pji5g T . ( t ) 5 - 

h«sra«owiffi&a«>* - imprint tts. 
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^EK?') * f - # a. =. y V ^/c 7. t'- * $g|B 

[0014) 

mi&m &.\z, x&wz&z&mmmzmmzm^* 
xmrn-rz. 
( i ) $ i hse« 

n i ~h 2 4 \z*?mK&z * f-*mw<om 1 nmm 

ft 62?iJ $ * t - # 7 u -nc*B W & L fc W & 

[001 5 ] El \z^-t£ b \z, * f-#3£Btt-o© 
*iiA*«-§-»^- I N Sr* I XlS 5 . ^co^iiATjff^ 
iffi^I N*>MHfcco;%?--;ft:x=? hSPi~SP„, CO 

S P ra #3fcyiJ«»$ix5 J: ?l:*oTV>5. #i§A7J{B 

N*»e>#^e-*3.= s' r-sPi ~sp m »c§y 

S&^&com-^lcii, m^-rSJ: fji/ffr 

~DF m 4o«tt5mtKW47>7'A] 
-An, tf&X\?-J}^--y hSP) ~SP ra {C-it-T* 
#JSLTffljA&^£*t,T^£ 0 'S-x-f v>^V7>f;u?D 
F] ~DF ra ICfi, 3> r d-7 1 *»b«(S*84iS« 

li&r-Y v?/l'7-f;^DFi ~DF ra l^-tti-t'tl/H^ 
©7-fA**«»? f -* a h i y-ifrpfa 

■{ frVW&fr— 9 ftW&Jr-i i? 9 fry a frf D F i ~D 
F m KK!t**V$. 

[0 0 1 6] ®2\Z7frt£ b\Z, ?f-ia=y hSP 
1 ~SP„, f±-*|Si (f?l7jS\ yltli^^l) £«fflN| 
•CiKBtf fcKW $ tlX X f - * 7 W §r*M UT V > 5, 

N-l 

y (n) = ^ fl hi * x (n-,) 

[0 0 2 0] Lfc#oT. Fl R7-f;V 

9\t, yjfrf&Wh i Z&Z.ZZklZj:*)^ %<Dy 4 

<*$chifi, jtu3£coj:-)tc, 3yhD-7iK^?) 
tu ds pftMcDUi/xf {y jfrf&M^^x?) \z 

[0 0 2 1 ] 7>7A] ~A m (i, #ty is* fry << fr 
?DF| ~ D F„, <Diiit)lB^l"<fr$:&7-t°-J]3.--y 
hSP, ~SP r , SrSE!8bi-5»c:JE5U"<yHcieB-t-5fc 

[ 0 0 2 2 J SJUbcQffijftlcjsirtT. ftlcx M-a 3.- y 



s^te tag. %&&mm&m, mmfcnm) o^l 

*j-y . yj—f, hz^ttyfri, 

{c^>i? p-^7tcttMi-£^, -Vc<nmWi^-yyfr1& 

foz>\,^mmzmwzfr\t. t'-xmwvmm 

\z£oX%%Z<DX\ m%s ^H4«j*41-*itfJ:v\ 
(Si (t>L<li*ip*|6|) , *5iUf2*fctti«$*|S| ({>L 

[0 0 1 7] f>f^7^MDFi ~DF„ tt, x 
4 fr\t^>im3m. (DSP : digital sigr.a] proce 
ssor) ICjzfUm^ix, -««JJii:«SF I R (finite 

impulse response filter) y 4 frf X'ffi$.£tl%>, 
-K^i7Mli, H*tr«*i-5*, IS*«acO'p-6 
t45»I^«^'(T9e^=7 h (AL 
U : arithmetic logic unit. ) •>— ^r &pi 

'&1rZ>tzih<D's->r>-f (7'd^7A*7>;5' 1 (ffj^-u 
v^^fcitfxa-ySr-^tf) t, &Wi7vifyJ** 

*&ifrt1-?)ROM (read only memory) . x-^tOfei^^ 
^T^RAM (random access memory) ib'il^-r — ^ <0 — 
B$W*S^^f 0 Isi/Xf b. ftMb<Dy f -9<D&%:$;ft 

[0 0 1 8] iEt^F I Ry-ffr^cOthMs^y 
(n) fi, «t<*PbnTV^5J:9t, i. x( n ) : ATJff 
h i ( i =0~N- 1 fc5iEfi8) tLfc*&, * 
<0 (1) 5t 

[0 0 1 9] 

[Sci ] 



- (1) 

■f. aiiJfflicoSlSg^i^Si, *<0iI!)T-*>5 5 ^t*-* 
7 (0»-&»|6]1*ttli, ^t-*ai^hSP, ~ 
S P nl *^^$tL5(@^C0tcOi : EcO.fl|^T'fc'9 > I 
1tfroX£xt'-j33--y hSP] ~SP ra tOiCTJi-E 
Sr3^hD-/Ui-5- i{-J;0, Blfi|C0i|$ttii-5 ~ t 
* ! T't5 0 -c-CO^ciOlC, ^t'-i)a=y hS P] ~S 
P ra l:itJMf-fv'?/l'7^^DFi ~DF ra CO 

7 * * im r * ft 5 g «JSi*Jtt/<^ - > icjg^t o ffl 



(20) 



(Omm r i> L. ft Jtfc dtfj £flE Srffl i^T 31 
IBAttfcSMB LooH»iS]tt*sB«»|ifH4lc-S: (fi 

co1M 1 1 +» 7 =r !) Xis ic > x m&tStWi- 5 . 

[0 0 2 3] <1> |I'>^tAOW 
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H y n (w) = E Hfm (a>) 
m= 1 

H f m (<o) : mSBOx-C > r 



SP, ~SP m tOmi^lC^Sr [m] WEIlSrffl^Tjg 

%teih£o izftW £ h,tcW%.<D®.M& n = l ~N&'itt/E 

n7;*:/A»f>aWj3;li<&SflEfS*§-»±, ^f-*7W<0 
*JIAttHyn (») t UTi e>x5rt^-C-#5 6 

[0 0 2 41 <2> SIJBlSJttHyn (a) (2) 
5fc-Cf&fc£;h?> (0 3, *TV?\ 0 5) . 

[0 0 2 5] 

[ft2] 



Hsmn (w) 



[0 0 2 6] 

A^o-fsaHft 

Hsmn U) : mtl^ v^V-7 ^cOtBTjSS 
<3> MMttHyn (») *B*»lW4t-ft 
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f (w) = 2 C i ( I H y n (oj) I 
n=l 
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[0028] ~ ^ K , Ci »ia*fik»t?*> 5 , ®»JD*K 
tt*tR«-*-4lt-e*>5 (0 3, ^r^lOl) o r 
«0S*#ft C i 14* # fcffi 1 1"5 IJ £ifflH*i*±« . G 

i liaM.^ i K*Jtt5B«*Efi [d B] Tfct>. »S 

1-fttfl'«MittfcW3i-3. :oiltfflc i»4€- 

4J:9*fl«»-R^-i-5ffl-C*>* (0 3. 77^1 0 
0) . 

[0029] <4> ax. ammwi' mvL-t 

f (<») S:IBM:i-4tot»*'Wti-5iittt45)4v» 
/j><b, !¥«!9ftf («) Sr*/JWti-5SIJ§l6H4Hy n 
(<,)) fctf*fcj:0**!>a (03, ?f?7105, 1 
0 6, 1 0 7). tt»#ttttlW»fta<t#ftJwJ:5 
Jjs, #l»«afl:7*=' y Xit LTf4, 

Hfm (a>) =Rm a x (to) • s 



[0 0 3 3] rCLlC, Rma.x (<->) : H Ira U) 

[Rma x U) = 2X r /m] 
r : X\f-tii*t>Wn&&V<DEm (01) 
Xm (to) : — 9 

0 m (f->) : Xm U) £ H f m (») cOfttB 



<0oh, rBjoydon-Flethej-Golclfarb-Shammo fej 
(Davi don-Fletcher Powell ?&J iJ5$f$LV\ 
[0 0 3 0] it (3) H-JIKij«<Cl[*«* 
C i fcjztf BS^JHttG i !4^«)4xbJx5WC* (0 
3, ^fy/lOO, 10 1), ffflfiHft f (ro) 1-1+ 
g-TSfcfi, £-f, HJgfittHyn (») fcjftftfctfft 
tfftb4k\ HiSlSlttHy n (») 14, it (2) IOtH" 
1 9 , 7 A W>\> <omm&l$kH f m U ) J: 

^e-^t-troScWSWeoearaftHsmn U) 

[0031] <5> f 4 V ?/i>7 i ^■axnfcmmXH f 

m («) (4)5;i>:x-^^$tt5o 
[0 03 2] 
[ft4] 



i n (Xm (w) ) 
• e x p ( j 0 m (w) ) 



(4) 



( w ) 14, Xt'-iJ=>---? hWPga. KB£.fctftRiH 

fi»«*»bro»ffiP (r. 9) (4*5<:T'4-xbn2) 5 
[0 0 3 4] 
[ft 5] 



(27) 



P (r. 0) = 



2 J Ck a sin&) 

e 



e x p ( j k r ) 



(5) 



s i n 



k a 

[00 3 5] ^CK, J : "ty-fcA'Hft 

k : mm (*js/ftHis») 

a : ^hT-*3.= y hcODS (Ell) 

JblE (5) itT > *ftfc : £jEEP (r. 0) **fcr-**ij: 
W»W2MoeSHftHsmn U) t Ltffll^ (H 
3. 77-';7"] 0 3) „ 

I 0 0 3 6 ] <7> ( 4 ) xtTl# fcftfcfiSHftH f m 
(m) (03, (lAttftfiSHft-CA) 
T = L • A t 

i1"5„ L : F I R7 4^9<Df A 

t : fy^y >^B-c*a. 

[003 8] <9> r<0«t5lwL-C[S#*Q : a**vfc.-<>' 
^•/i^jfc&h ( t .) £a troiIft>/!JyyL > -frco 

i (13, ^fy/no), i = ] 

[0 0 3 9] <10> <9> T'^b^fc^oh ifc^-f^ 
^r-^l 1 1, 12 2). W±033^££j&9'J.&n = 

*f^^^7^/^DFi ~D F m IC^i-5„ 
[004 0] <U> -coj: 5»-LT7^;i-^^ic« h i 

/WKj£3*lfc.7^ /U^DFj ~DF ra S-^ 

L> t- d-7 1 ^ib^m-^Sr^^ h S 

Pj ~SP ra t^SItt*, 7f-*7K/j>bM 

[004 1] ±f£-iI«^«S»CJ;i9*ft^tt/c7-f/w^ 
{Sftorh i ar&TM y^;U7-f/^DFi ~DF„ fCjS 
j£Lfc#fr«0£? f -r^*A'7 4yi'*DFi ~DF ra cDJD 
ft»««fl*tt<OWS:Ga5~0] 3 fcii, *f- 

pjco^^f-^a.^^ Hcft^-f^T^ i?9>\>7 4 frt 
©)iSlrm= 1 ~9T*^Lti!b^ fcUfcfci^T, Ali 
F I RrM^cOtfME*^, BliF I R7 4 A>fO)&fa 

7 4 * ©fitBtfte a Jo i tf7 -tu?7 4A,9 (Dim® 

[0 0 4 2] 3»C^i-4$tt^-f5f f 
>f >\>7 4 D F j ~DF ro &ffli^T, 

I Nlc^xb;h,£W§#c0 2ft7c (XY¥ffi) 

... 0 ... 0 ...^S||/<^ — >i-^LTl>5 6 Zhh<OW^b 



zfrh. ^ftzgrnm?-') (fft- 1 ) 1x4 

>/<A>xi£8hh) (03, ^7 7710 

8) . 

[0 0 3 7] <8> (U4lC^i-<t7l-, <-7> X' 

P>*Vfc-f >/<^lS«f h (,.) IZ^- > r&Qw&St 
fc&W( t )£jHt3 (1213, xf-y/i 0 9) . wCOi: 
^W( t ) co»#B.mTI4 

- (6) 

5 tow, *ai-5*SiaH4fc»«i-*»I^Ht* s ffi:H«ft 
(2 0Hz) d>&<PflftSkffJK (1 4 0 0Hz) ic 

[0 0 4 3] 3«P£#jl7*fc«>fc. nC9flO 

Jb, 1^4 5" #|6jfcJg|6H4$:<b* ) , Zf«7fil±WF?co 

[0 04 4] (ii) $2gtt0i| 
112 5~03 OIC, *«M»C«4^f-*}ga<Oj82«0 

m&-?v ] j?*m (*>5v^i. fe^ttea) cbwish 

[004 5] 025 \Zm-f£ •) Ic. ;* f-#£|Itt-o 
<0*5IA7J<f f-S^T- 1 LTfc 9 , r«0#j§A7j{g 

**^F I NfrbWX (DT'li 9X9 = 811) tOT. f- 
■hzz.=. v h S P n ~S P 99 co^^^ix(c^($i^^n, 

hS Pn~S PggA^yiJSIftSnS J: 

^c^oti^ *fflA7jm^-^ i N^e>€-^t*-* 
a=s/ ks p n ~s ? m \z^^'^nn\t%m^\t. 

0 2 5l:*tJ:9l:, »*|6l (ZTJfS]) lc*f£LTZ7J 
|6l Wit |SH4 * ft £ 1" 5 fc ft CO x -f 9 A* 7 4 * 9 D F , 
-DFg tfft&£ivX}6>J , i4>o, :of-(^^7-( 
yi-^DFi ~DFg (QtitfMfrbZ &tC^tt$ix*C#^ 
f-.*rr=y hS P]J~S P9gfcSl*fS#-&KKtt«-fT 

/^DFii~DF]9, DF2l~DF29 - DFg^DFgg 
t ^Jxmi; s^jsss $ n fc 7 > 7 A , | - A i g, A 2 J ~ 

A 29 --A 9 |~A 9 g^^$^X-Cl^o Ci't^Z7J(S]<Of 

'J/9 4 D F j ~DFg t y Jift(0T4 
7^yU^DF 1I -DF 9 gC0^tt^^Lfci#, lo 
CO 7. t * - * » I *f U X 1 (@ <n T4 v ^ ^ ^ 7 4 *> 9 to X If 7 
>7t>mWi£ix1t<Dk$®X'hZ« HvUiV^, 

r/^^7-(/^DF| ~D Fg doiLFDFn-DFgg 
miUJE!?] (0 3) ifDlffw, »*as.-^LT3 



(28) 



9MXt~9 a h i as*/,*-*- K3<0»^IC«t 0 3 

[0 0 4 6) ^tr-*3.= y I S Pi ~SP nl 11. 2& 
7c.*|S] (y-z¥B5) tcZlc^U«£ffi^T$ffiv 
h y 9 7mz¥mim&foX 7t°-J)7 Zm&LX 

~S p. li, L< f±, H-*aflMWl**i-5 r t 
ti-5^ta5T-t5 0 £fc ffdt-Eftfti&Hlfc&Sfcfc 

[0 0 4 7) f-{v!S'^7>(';^DF] ~D F m tt, X 

] JllKM&ffM&DSPt:fflv*fcXttSF I R7-(H 

[004 8] »lfiltt»J»©*«fet>. SS 1 £tt« B«-C 
*>9, 5fclc^L/c<l> ~<11><0#H-C\ 03CO7D — c 
■&r>X7 4*9W&<t\i i&JIfflU #fr/?'^^f 
yu^DFi ~DF m fcttjrta. 

[0 0 4 9] Sfc, ±f£^«Slc«to-C^tH$tLfc7^;u 
^ffRoh i SrlJt£Lfcft6ro&7 f <r ¥9*7 4*9 D 
Fi ~DF ra «>JSttfci£:«r»±, g] £iK0!K£<7*BI4 
~0] 2co(?iJ$rtlffl-f5o 

[0 0 5 0] ifclC, h£$9<@, 1t9<@ 

w^it 8 1 moan Hz* f-*rw t x a»GH4iw» 

coS*^JSrE2 5~[U3 1 £*f. ;i;h<"bcD#jli, iffi 
»|pH*«rXYipffi_l:*a7 5* . y 2 ¥ffi±*5) 6 0* , IE 

h'a-7<DM6i>'£*tiZi3<D<o* «JS«S*« (i 0 
OHzffifi) a»b (1 400Hz) fctofc 
oTftffft»|Sitt*/T«LXV»4. 4*5, Z.WMX'(D®.M 
i/ZT-MZteVZ-rJ 9 o7*S\t s 02 5Iw*jV>T. 

[0 0 5 ]] (iii) H3HtaW 
03 2~3 5 f£, *«W^5^f-*«B<OlB3cO|| 

[0 0 5 2] 1-<efcfc, B 3 2 ttfto* 
tf-*3.= y his^A*ttlBlcEit^tEa**t, 0 3 
3t^t«t )l-> LT*7t-*aiv ha^^S 

[0 0 5 3] ~tO«t5lC ^ = *Attffifiro^f-*7 

l±, 0 3 5lc^1-fe^-'KKItco^t c -*7u-r»wit-<T 
73/2 = 0. 866 fiS«D*# $ i 43* * f-* 



tr-a 7 w as.^*aRt:i5^< - t u ttttffi-e 

as* r b -ete^ESw* f-#7 U-f ICJt^T^ilt 
43, 

[005 4] 03 4 fi, £11-6 1 §a«0^t'-*a=y h 
Sr/>=*A*tBMLfc^tr-*7U-f (03 3) coig 

Sffff ig{ ©jsftSScisttffil** l fc0-efc* a\ [5)0 

tt±*i,fctf3 0' tt±# 8 OOHziT'COl* 

Vl±, ^t*-^7U-Ycot-6teSa^^!ES§^fcl7^H 

[0 0 5 5] iftfctfU »f«SB»^f-^7W 
coig-g-fi, -g-f+8 ] fiw^.t°-*3-=y h£.BH\ ^<D 
#141103 6 fr^1-J; 0 fc, »(6H4#J»^lfie<e±ffiHj6 
Igtfi 0° $AJt-Cf±] 8 0 OH z t4o7^5t>WC0 4 5 
0 $4±T?fil 5 0 OH zfCi&TUT 

[0 0 5 6] Z<DJ:-)»C, ftfttEEC^f-aTH' 

[0 05 7] 4*5, x 4 v^/l'7^/^DF] ~D F m 
Ht<l> ~<ll><07>'W^y X^MC'tifo-C, &mt£7 4 
— D F m fcttJg-r<5r JBK JB2(0«-SlS«tP] 

[0 0 5 8] 

E«sn,fc^e-aa=j/h \am $ nfcr v * ^ 
(5]-^ t-^^itco^ t xm%mz'i=s j:t as-c-t , a> 

o, 7 w ^ 9 &M<D%%\z X 5 ttS»}g|Sitt^ * - > 

[0 0 5 9] $S2<Z>$8W£J::h,tf. ^^*t© 

(fijtojgrnltt^i? ->$r^t'-a SSfficoffitEffl SrSS* 5 
:i4<. «ftttU:ill»Pt« r t asx-f 5, 
[00 6 0] 13 WUPJK J:ini, ^=aAtw?ffi7. 

Mz.xm®-? b'J 9*ft <D7tL'-*7lsJ(n 
»*KJt^T»l^«lP^II4±IR»jfi»«0««rJS<-r 

rtas^ngi45, 

[00 6 ] ] ^4C0^6Uj : )L < ttlf;f, tM5c«o^f-^^- 



(29) 



[113 ] **Wtff5»fitt«HPTA'^y 

[HI 6] *«WtC^5F I R7^^ (01=2)434:1; 

r-i- d ^ 7 * <nmm%fc%* : *-f®'&m xh 5 . 

[@7]*II«l;#5FIR7^V^ (m=3) Jsitf 

[08 J *«Wt«SF I R7^? (m=4) XXV 

[0 9] ^BJIC&SF IR7^^ (m= 5) *JiV 

[01 0] ^Wc^-SF I R7-f;^ (m=6) *3«t 
XJ-T'Y** tf~7 4 ft'9 (0 m £ ^-H$tt0 1? fo 5 . 
[Ell 1 ] #*3Ufcflfc.&F I R7^fH (m= 7) fci 

[0] 2) **8Ulcfli5F I R7.^u? (m=8) ts& 

[013] *|§KtC#.SF I R7^/^ (m=9) J3J: 

[B 1 4 ] & 1 UtefflcO* t-*»tt«0 2 0 [Hz] Id 
*J »7 -5 2 ftjtjg * - > £ ^-f4$tt0 T*fc 5 . 

[0] 5] su m£W(o^e-*i6a«o] oo [Hz] 

K:fel7 5 2 ft5cJ&|6]tt><* - >£5M-#tt[g-C*> 5, 
[01 6 ] % 1 HJSIJiJCD^ t"-7J^S<04 0 0 [Hz] 

Id*5l7 5 2 ft5t*§|6jtt'<* - y£^-f#tt0 Xh 5 „ 
[01 7] % \ UlSWeO^f-^SSlBOl 2 0 0 [H 

z] KfcttS 2ft7cJgfitt'<*->£*H-&tt0T-fc 

So 

[0 1 8 ] W, 1 Sli£IJi]<D* t'-7J^ffico 1 4 0 0 [H 

z] Icfctt* 2ft5ctgAtt'<*->£*1-£tt0T*fc 

[019] SnHteW«*t-a8R«0B«3ft5c*&|6j 

[02 0] mi 3U£^|O^f-*$|{ic0 2 0 [Hz] \Z 
*J 1 7 3 3 & jctt Att' < * - > % *-ftm® "C'teS,, 
[021] Ml SIttWO* t"-77^ScO 100 [Hz] 



*> 1 7 S 3 ft jcfif fatt' < 9 ~ > £ * t «tt0 ? fc 6 . 
[0 2 2] Hl^WcO7<f-7>^l<O4 0 0 [Hz] 

ICJ0I7 5 3 ftTtJifitt^* - v**-twmxkz> 

[12 3] |gJ^*|{?»J(0^f-7>S!eE(01 2 0 0 [H 
z ] IC*J»7 5 3 ft 5cit fltt^ 9 ~ > * *t <T$tt0 T- fa 

[H 2 4] Ml 3a£W«0*tf-#8tt<01 4 0 0 [H 
z ] Ki3IJS 3 ft7cJg|S]tt^'^">Sr*-f^ttEl-Cfc 

So 

[025] *%W<D% 2 XlfcfflKftS 2fc5cKW3!* f 

[02 6] »2»««e0^f-*Sill©B«3ft5E»|Sl 
tt^^->Sr^-f#tt0T-*??. o 
[0 2 7] |g2|IJSffi|<O^e-*JStt©2 0 [Hz]IC 

* it s 3 ft smt fitt^* - > * ^-tumm x-hio 

[0 2 8] %2mt&&i<DXt'-JjmW<01 0 0 [Hz] 
t*»t 5 3 ftjcfclfiltt'**- ViSr^-r#tt0T*fc2). 

102 9] %2m&m<07-t'-#mm(0 4 o o [Hz] 

ICfcNt5 3ft5cJt|6ltt^^->«:^1-^tt0T-fo2)„ 
[03 0] M2HJi£^JcO^t*-*^Sc0] 2 0 0 [H 
z ] lc J0I7 -5 3 ft xfi fitt'< * - > i *t#tl@t'ib 
5, 

[03 1 J m2HJS0iJ<O^f-7>^a<D] 4 0 0 [H 

2 ] 5 3 ft 7mft&'<9 - > % m-t®*m t- h 
[032] *$£W(o%3%ifcM\z&z>xe-fimm<D- 

nZffrf iEffi0T-fe5 o 
[03 3] ^=*Att^f-*TWcOKllMS:^i-ftt 
BH0T-fc5, 

[03 4] ^ = *Att^f-*7U-r(0KH»«BB8ft«0 
[03 5] tttttAlf-*7W«EIHt*ttt!)iia 
[03 6] tt-¥-«i^t , -*7U'r(0«8ffflliB8ftcojaft 

■mmmx-hz, 

A] ~A„, -7^7 

DFi ~DF m • rV ! J9/^y 

SP. S P] ~S P ra ■ •7t'-73s=> h 
l V n— 7 

3 -A7j^-/K- K 
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